Waist circumference of greater than 102 cm for men and 88 cm for women; serum triglyceride level ≥150 mg/dL; serum HDL levels <40 mg/dL for men and 50 mg/dL for women; resting blood pressure ≥130/85; and fasting serum glucose ≥110 mg/dL. Individuals on blood pressure, lipid-lowering, or diabetes medications were considered positive for that particular factor. Waist circumference was measured by trained technicians using a tape measure at the level of the umbilicus directly on the skin. Resting blood pressure was recorded as the average of two measures after 5 min of seated rest. Blood assays for HDL, triglycerides, and serum glucose measures were obtained by venipuncture in the morning after an overnight fast, processed, frozen, and shipped to the Health ABC Core Laboratory for analysis.
Walking groups
Walking information was self-reported and consisted of total time spent walking for physical activity over the past 7 days. Four walking groups were constructed based on current physical activity guidelines. The sustained low group reported walking less than 150 min/week at year 1 and at year 6. The decreased group reported walking a minimum of 150 min/week at year 1 and less than 150 min/week at year 6. The increased group reported walking less than 150 min/ week at year 1 and equal to or greater than 150 min/week at year 6. Finally, the sustained high group reported walking a minimum of 150 min/week at both year 1 and year 6.
Covariates
Covariates included year 1 age, sex, race, education, marital status, count of chronic diseases (cerebrovascular disease, lower limb osteoarthritis, pulmonary disease, circulation problems in extremities, and depression), smoking status, and alcohol consumption. Heart disease was considered a separate covariate due to its strong association with metabolic syndrome. Race was dichotomized into black and white. Chronic disease information was collected from self-report, clinic data, and current medication use. Smoking status, alcohol consumption, education, and marital status were self-reported.
Statistical analysis
Group characteristics were examined using univariate procedures. Unadjusted and adjusted stepwise logistic regression models were used to determine odds ratio (OR) and 95% confi dence interval (CI), with the sustained low group as the referent group. Stepwise backward elimination was employed for covariates, with a signifi cance level of P < 0.15 as a threshold for retention in adjusted models. Heart disease status was forced into the adjusted model. Linear regression models were used to determine associations between walking group and number of metabolic syndrome factors present at follow up. A P value of less than 0.05 indicated statistical signifi cance. All analyses were conducted using SAS v8.2 software (SAS, Cary, NC) from 2006-2008.
Results

Year 1 characteristics
At year 1, all walking groups had a similar mean age of 74 years ( Table 1 ). The sustained low group had a greater of any three of the following conditions: Large waist circumference, elevated triglycerides, elevated blood pressure, elevated fasting blood glucose, and low high-density lipoprotein (HDL) levels. 4 Public health guidelines for weekly physical activity recommend accumulating a minimum of 150 min/week of moderate intensity physical activity (such as brisk walking). 5 Meeting these minimal physical activity guidelines is associated with risk reduction for multiple chronic diseases. 6 , 7 Much of the public health information on risk reduction, however, is presented by combining adults and older adults 5 ; literature on risk reduction specifi c to older adults is scarce, and no longitudinal studies have examined the relationship specifi cally between adherence to guidelines and incidence of metabolic syndrome. Because walking is the most popular form of physical activity, 8 the objective of this study was to examine the association between meeting, not meeting, or change in status of meeting physical activity guidelines through walking and 5-year incidence of metabolic syndrome in older adults.
Methods
Health, Aging, and Body Composition Study
The Health Aging, and Body Composition (Health ABC) Study is a longitudinal, prospective study with the broad objectives of measuring higher functioning older adults to allow examination of health decline and improvement over several years. The study aims include investigation of interrelationships between health conditions, body composition, social and behavioral factors, and functional change. 9 Data collection for the present study occurred during the periods 1997-1998 and 2002-2003 .
Study population
The Health ABC study cohort consists of 3,075 wellfunctioning black and white men and women aged 70-79. Eligibility included reporting no diffi culties performing activities of daily living (ADL), walking a quarter of a mile, or climbing 10 steps without resting. In addition, all participants were free of a terminal diagnosis and had no intention to move from the area for at least 3 years. White participants were recruited from a random sample of Medicare benefi ciaries in the zip codes in and surrounding Pittsburgh, Pennsylvania, and Memphis, Tennessee. Black participants were recruited from all age-eligible residents of the areas in and surrounding Pittsburgh and Memphis. Exclusion criteria were: Selfreported diffi culty walking a quarter of a mile, walking up ten steps, or performing ADL at enrollment; terminal illness; and plans to leave the area within 3 years. The University of Pittsburgh and University of Tennessee, Memphis, institutional review boards approved the study, and all participants provided written informed consent prior to participation.
For this analysis, 1,169 participants with metabolic syndrome at year 1, 43 participants with incomplete year 1 metabolic syndrome status data, and 367 participants with missing year 6 walking data were excluded, leaving 1,496 participants for this study.
Determination of metabolic syndrome
Metabolic syndrome was defi ned as having three or more factors identifi ed by the ATP III. 4 These criteria include:
average, consistently maintained walking patterns that far exceeded minimal guidelines, with the lowest average of 240 min/week at year 4. The sustained low group was the least variable group from year to year, with minutes/week walked ranging from 23 (year 6) to 73 (year 2). The sustained low group was also the largest of the four walking groups, representing 64% of the cohort. By year 6, the decreased group reported walking, on average, 47 min/week, whereas by year 6 the increased group reported, on average, 293 min/ week of walking. This represents changes from year 1 of −375 and +248 min/week in the decreased and increased groups, respectively.
Walking groups and incident metabolic syndrome/ number of metabolic syndrome factors
Logistic regression models ( Table 3 ) indicated that being in the sustained high group was protective against incident metabolic syndrome (adjusted OR = 0.61; 95% CI, 0.40-0.93), compared to being in the sustained low group. Neither the decreased nor the improved groups showed signifi cant differences in odds of developing metabolic syndrome compared to the sustained low group.
The sustained high group also demonstrated a significantly lower likelihood of developing the number of metabolic syndrome risk factors that the sustained low group developed over 5 years (β = −0.23, P = 0.007). This significant difference, attenuated slightly, but persisted (β = −0.16, proportion of women (51%) compared to 45%, 38%, and 43% in the decreased, increased, and sustained high groups, respectively. Generally the sustained low and decreased groups had a greater proportion of participants with characteristics associated with poorer health outcomes, such as black race, currently smoking, low education, and more chronic diseases. Approximately 90% of the participants in every walking group had one or two metabolic syndrome conditions; however, more than half of the sustained low and decreased groups had two metabolic syndrome conditions.
Year 1 and year 6 metabolic syndrome factors
The most prevalent individual metabolic syndrome factor at year 1 in all groups was elevated blood pressure affecting approximately 70% of participants ( Table 2 ) . Large abdominal circumference was present in approximately one-third of the decreased, increased, and sustained high groups, but was present in half of the sustained low group. At year 6, the individual factors generally showed a trend of increasing prevalence, particularly with the blood pressure and blood glucose factors. The sustained high had the most favorable panel of individual factors at year 6 compared to the other walking groups. Figure 1 displays the 5-year walking patterns in the four walking groups. Notably, the sustained high group, on metabolic syndrome compared to the sustained low group (adjusted OR = 0.97; 95% CI, 0.73-1.30). The precipitating factors leading to the decreased group's substantial drop in weekly walking are not known. Previously, we reported that intercurrent illness or new-onset health conditions often precede noncompliance with activity recommendations, 10 , 11 and it is plausible that these factors may have contributed to the decreased group's decline in minutes of walking per week. Future studies are warranted to better understand factors that predict changes in physical activity patterns in older adults.
5-Year walking patterns
These fi ndings are consistent with previous studies that examined the association between physical activity and metabolic syndrome in older adults. Wannamethee and colleagues 12 examined changes in physical activity patterns over a period of 3 years in 3,051 older men participating in the British Regional Heart Study and found a protective association, compared to habitually inactive men, between sustained physical activity patterns and development of metabolic syndrome (adjusted OR = 0.73; 95% CI, 0.57-0.94). Our fi ndings provide additional support for the protective role of sustaining physical activity in old age, specifi cally when walking a minimum of 150 min/week for physical activity. P = 0.04) after adjustment for number of metabolic syndrome factors present at year 1.
Discussion
In this 5-year prospective study of well-functioning older adults, men and women who reported sustaining weekly walking patterns that met or exceeded current guidelines had a 39% reduced likelihood of incident metabolic syndrome (adjusted OR = 0.61; 95% CI, 0.40-0.93) compared to those who maintained walking patterns that did not meet guidelines. There was also a clear relationship between sustaining recommended weekly physical activity via walking and the number of metabolic syndrome conditions developed over time. This indicates that regular walking is associated with a reduced likelihood of developing additional metabolic syndrome risk factors over time, an important fi nding considering that approximately 90% of this cohort already had one or two metabolic syndrome risk conditions at year 1.
Our results also indicate that the benefi t of meeting minimal physical activity recommendations may be negated if walking patterns are not maintained over time, because the decreased group showed no differences in odds of developing dwelling older Japanese men and women. They found the group that reached a minimum of 8,000 steps per day and engaged in activities that attained a level of intensity that was at least moderate for 20-30 min/day were the least likely to have metabolic syndrome. Although these fi ndings were from a cross-sectional study, they add support to fi ndings from our current study and those of Petrella and colleagues. 13 The major limitation of this study was measurement of the full complement of metabolic syndrome components at years 1 and 6 only. Because we were not able to determine when incident metabolic syndrome occurred between these two time points, we cannot determine if amount of weekly walking may have been affected by the onset of metabolic syndrome, representing an order of occurrence opposite that assumed in this study. Nevertheless, given that around 75% of participants were in the sustained low or sustained high group, it is unlikely that new onset of a metabolic syndrome component resulted in marked changes in activity level. Use of a self-report measure of walking activity constitutes another possible limitation. Although direct activity measures, such as accelerometers, would provide more accurate data, 16 the majority of participants were sedentary. The degree to which persons overreported their walking behavior would result in an underestimate of the true effect. Additionally, walking for physical activity was the only variable collected consistently over time in the Health ABC study. Ideally, we would have been able to measure participation in a number of other activities that may have contributed to meeting physical activity guidelines. We would have also preferred to control for dietary habits; however, these data were not completely available. We did have a year 2 dietary summary score available on about 90% of the cohort, 17 and, when this variable was included in the models (not reported), there was no statistical impact on the estimates reported above.
It has been over a decade since the Surgeon General's guidelines for physical activity were published, and these guidelines remain near the forefront of public health efforts In contrast to our fi ndings, Wannamethee and colleagues found that men who became active had lower odds of metabolic syndrome compared to men who remained inactive (adjusted OR = 0.76; 95% CI, 0.54-1.06). We did not observe similar protective associations with becoming active (adjusted OR = 1.04; 95% CI, 0.67-1.60). This is particularly interesting given that the increased group quickly reached minimal physical activity guidelines at year 2 and maintained minimal guideline walking patterns every subsequent year ( Fig. 1 ) . The fact that the Wanamethee study cohort was a younger (60 years and above) and considerably more active cohort (≈50% reported at least regular moderate physical activity) than the Health ABC study cohort is an important consideration. It is plausible that the cumulative burden of aging, disuse, and disease are not offset by initiation of a regular program of walking in the 70+ age group and that a higher volume of physical activity is required to impact metabolic syndrome.
Petrella and colleagues 13 reported 10-year changes in individual metabolic syndrome risk factors between 161 regular exercisers and 136 sedentary persons aged 68 ± 6 years. The exercisers maintained 3 days per week of aerobic activities (walking, jogging) for 30-45 min at 75-85% of maximum aerobic capacity. These training zones are of moderate to vigorous intensity, 14 and, compared to the sedentary comparison group, exercisers demonstrated improved profi les for all fi ve metabolic syndrome factors. This suggests that in older adults, engaging in exercise activities of moderate to vigorous intensity for 90-135 min/week may be an alternative way for older adults to get an adequate exercise dose for preventing metabolic syndrome. Future studies are needed to confi rm whether or not engaging in higher-intensity physical activities for less than 150 min/week produces health outcome benefi ts equivalent to those obtained by accumulating at least 150 min/week of moderate intensity physical activity.
Most recently, Park and colleagues 15 used accelerometry to objectively examine year-long physical activity levels and prevalence of metabolic syndrome in 220 community- Estimates derived using linear regression. c Adjusted for race, education, number of diagnoses, and heart disease. d Adjusted for year 1 body weight, race, education, number of diagnoses, heart disease, and year 1 min/week in high-intensity exercise.
e Adjusted for year 1 body weight, race, education, number of diagnoses, heart disease, baseline min/week in high-intensity exercise, and number of metabolic syndrome factors present at year 1.
Abbreviations: OR, odds ratio; CI, confi dence interval.
with newly published guidelines maintaining a minimum of 150 min/week in physical activity. 5 , 18 We are just now starting to see research on the impact of meeting guidelines on health outcomes. 19 Our fi ndings add support to the guidelines, in that maintaining or exceeding the minimal physical activity guidelines of 150 min/week via walking is effective in signifi cantly reducing the likelihood of developing metabolic syndrome in older adults. We also found some evidence that the protective role of meeting physical activity guidelines is only sustained with long-term maintenance of these healthy lifestyle habits. To our knowledge, this is the fi rst study to establish an association between meeting current public health physical activity recommendations and decreased likelihood of metabolic syndrome in older adults.
